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Abstract
Background: Existing research has documented inconsistent findings for the associations among breakfast
frequency, physical activity (PA), and sedentary time in children. The primary aim of this study was to examine the
associations among breakfast frequency and objectively-measured PA and sedentary time in a sample of children
from 12 countries representing a wide range of human development, economic development and inequality. The
secondary aim was to examine interactions of these associations between study sites.
Methods: This multinational, cross-sectional study included 6228 children aged 9–11 years from the 12 International
Study of Childhood Obesity, Lifestyle and the Environment sites. Multilevel statistical models were used to examine
associations between self-reported habitual breakfast frequency defined using three categories (breakfast consumed
0 to 2 days/week [rare], 3 to 5 days/week [occasional] or 6 to 7 days/week [frequent]) or two categories (breakfast
consumed less than daily or daily) and accelerometry-derived PA and sedentary time during the morning (wake
time to 1200 h) and afternoon (1200 h to bed time) with study site included as an interaction term. Model
covariates included age, sex, highest parental education, body mass index z-score, and accelerometer waking wear
time.
Results: Participants averaged 60 (s.d. 25) min/day in moderate-to-vigorous PA (MVPA), 315 (s.d. 53) min/day in
light PA and 513 (s.d. 69) min/day sedentary. Controlling for covariates, breakfast frequency was not significantly
associated with total daily or afternoon PA and sedentary time. For the morning, frequent breakfast consumption
was associated with a higher proportion of time in MVPA (0.3%), higher proportion of time in light PA (1.0%) and
lower min/day and proportion of time sedentary (3.4 min/day and 1.3%) than rare breakfast consumption (all p≤ 0.05).
No significant associations were found when comparing occasional with rare or frequent breakfast
consumption, or daily with less than daily breakfast consumption. Very few significant interactions with
study site were found.
Conclusions: In this multinational sample of children, frequent breakfast consumption was associated with
higher MVPA and light PA time and lower sedentary time in the morning when compared with rare
breakfast consumption, although the small magnitude of the associations may lack clinical relevance.
(Continued on next page)
* Correspondence: M.Standage@Bath.ac.uk
2Department for Health, University of Bath, Bath, UK
Full list of author information is available at the end of the article
© The Author(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.
Zakrzewski-Fruer et al. BMC Public Health          (2019) 19:222 
https://doi.org/10.1186/s12889-019-6542-6
(Continued from previous page)
Trial registration: The International Study of Childhood Obesity, Lifestyle and the Environment (ISCOLE) is
registered at (Identifier NCT01722500).
Keywords: Exercise, Health, Fasting, International, Nutrition, Youth
Background
Frequent breakfast consumption is associated with lower
levels of obesity and lower chronic disease risk factors in
children [1–3]. Yet, globally around one third of children
do not consume breakfast daily [3, 4]. The question re-
mains as to whether consuming breakfast regularly causes
a reduction in obesity risk, through lower daily energy in-
takes or higher physical activity (PA), or whether breakfast
consumption is an indicator of healthy lifestyle habits [5].
Nevertheless, total daily energy intake is not lower in chil-
dren who consume breakfast frequently [6, 7], suggesting
that PA levels may be higher among these children.
Although the majority of cross-sectional studies
show that more frequent breakfast consumption is
associated with higher self-reported PA in children [7–
9], others report no such association [10, 11]. Of the
few studies that have used an objective PA measure
(e.g., accelerometry), equivocal findings have been re-
ported. Indeed, more frequent breakfast consumption
has been shown to be associated with higher PA in
girls [12, 13] and in boys [14] in some studies, while in
others, the relationship between physical activity and
breakfast frequency was not supported in girls [14] or
boys [12] or only occurred on weekends and not week-
days [15]. If they do exist, such associations may be
strongest in the morning and weaken as the day
progresses [12], as has been the case in randomised
controlled trials with adults [16–18]. Yet, differences
in the definition of ‘breakfast’ [19], PA assessment
methods [20], and sociocultural differences in the
countries within which the research has been con-
ducted prevents direct comparisons between these
studies and may explain some disparities in these find-
ings. Moreover, findings from single-country studies
may not apply across different regions of the world.
Few multi-national studies have examined the association
between breakfast frequency and PA or sedentary time [21,
22]. From the limited work available, and much like the
single-country research, inconsistent findings have been re-
ported. In a sample of 11 to 15 year-old children from 41
countries across Europe, the U.S., Canada, and Israel, par-
ticipants classified as ‘daily breakfast consumers’ reported
that they participated in more moderate- to vigorous-inten-
sity PA (MVPA) in 34 of the 41 countries and were less
likely to watch more than two hours of television each day
in 30 of the 41 countries compared with those consuming
breakfast ‘less than daily’ [21]. In contrast, breakfast fre-
quency was not associated with objectively measured or
self-reported MVPA or accelerometer counts/min in ado-
lescents from nine European countries [22]. Although 24-h
recall breakfast consumption was related to measured sed-
entary time, no associations were found when breakfast
patterns were assessed via questionnaire and when seden-
tary time was self-reported [22]. Yet, the degree of cross-
country similarity or differences in the findings was not
analyzed in these studies and the limited range of cultural
and socioeconomic (SES) diversity in the study sites pre-
vents global application of the findings [21, 22]. As we have
previously shown the association between breakfast fre-
quency and adiposity indicators differs in children from 12
countries spanning diverse cultural and SES backgrounds
[3], these are important considerations.
Using data from the International Study of Childhood
Obesity, Lifestyle, and the Environment (ISCOLE [23]),
the primary aim of the present study was to examine the
association of breakfast frequency with objectively-
assessed PA and sedentary time in 9–11 year-old chil-
dren. A secondary aim was to examine whether these
associations differ between study sites varying diversely
in terms of geographic region and human and SES
development. We hypothesised that breakfast frequency
would be positively associated with PA and negatively
associated with sedentary time, particularly in the morn-
ing; further, the direction of these associations may be
reversed in countries with lower levels of SES
development.
Methods
Study design and participants
This cross-sectional, multi-national study was designed to
determine the relationships between lifestyle behaviors and
obesity in 12 study sites that represented a wide range of
economic development (low to very high income), Human
Development Index (0.509 in Kenya to 0.929 in Australia),
and inequality (GINI coefficient; 26.9 in Finland to 63.1 in
South Africa) [23]. The 12 study sites were located in
Australia, Brazil, Canada, China, Colombia, Finland, India,
Kenya, Portugal, South Africa, the United Kingdom and the
United States. Pennington Biomedical Research Center In-
stitutional Review Board approved the ISCOLE protocol,
with Ethics Review Boards at each site approving local pro-
tocols. Written informed consent was obtained from
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parents or legal guardians, and child assent was obtained as
required by local Ethical Review Boards before participation
in the study. All sites adhered to a standardized protocol
with all study personnel undergoing rigorous training and
certification before and during data collection. Data were
collected between September 2011 and December 2013. A
detailed description of the sample size estimation and sam-
pling strategy, the study design and methods used for data
collection can be found elsewhere [23]. Recruitment tar-
geted a sex-balanced sample of at least 500 children aged
between 9 and 11 years from each site; a sample was delib-
erately stratified by SES at each site to maximize variability
(rather than having nationally representative samples). A
participant flow chart with the number of participants re-
cruited and excluded at each stage is shown in Fig. 1.
Breakfast frequency
As in our previous study [3] and a previous multi-na-
tional study [21], breakfast frequency was assessed via
questionnaire by asking child participants: “How often
do you usually have breakfast (more than a glass of milk
or fruit juice)?” Response categories were “never” to “five
days” for weekdays, and “never” to “two days” for week-
end days. Weekly breakfast frequency (0 to 7 days/week)
was calculated as the sum of weekday and weekend day
breakfast frequency. As there is no universally accepted
definition of breakfast frequency used in the literature
[8–15], we employed two different definitions:
1. A 3-category definition: weekly breakfast frequency
was recoded to make clear comparisons among rare
(breakfast 0 to 2 days/week), occasional (breakfast
on 3 to 5 days/week) and frequent (breakfast on 6
to 7 days/week) breakfast consumers.
2. A 2-category definition: weekly breakfast frequency
was recoded as less than daily (breakfast 0 to 6 days/
week) or daily (breakfast on 7 days/week).
In line with our previous research [3], and to differen-
tiate between the effects of rare, occasional and frequent
consumption, the 3-category definition was the primary
variable used in our analyses. The 2-category definition
of “less than daily” and “daily” consumption was in-
cluded to enable direct comparisons of our data with a
previous multi-national study [21].
Physical activity and sedentary time
Physical activity and sedentary time were objectively
assessed using 24-h, waist-worn accelerometry across
seven days; full details have been published elsewhere
[23]. An Actigraph GT3X+ accelerometer (ActiGraph
LLC, Pensacola, FL, USA) was worn at the waist on an
elasticized belt at the right mid-axillary line. Partici-
pants were encouraged to wear the accelerometer 24 h
per day for at least 7 days, including 2 weekend days
(removing only for water-related activities). The min-
imal amount of accelerometer data that was considered
acceptable was 4 days with at least 10 h of awake wear
time per day, including at least one weekend day.
Non-wear time and sleep time were determined [24,
25]. For waking hours, time spent sedentary, and in
light PA, moderate PA, and vigorous PA were calcu-
lated using the Evenson cut-offs [26] for the following
time segments: total daily, morning (wake to < 12:00 h)
and afternoon (≥12:00 h to bed time). In addition to ab-
solute min/day, sensitivity analyses were conducted
with the morning and afternoon accelerometer data
expressed as a proportion (%) of time to account for
individual differences in wake and sleep times that af-
fected the duration of the morning (wake to < 12:00 h)
and afternoon (≥12:00 h to bed time).
Covariates
Standing height was measured to the nearest 0.1 cm with
the participant standing without shoes, with their head in
the Frankfort Plane and at the end of a deep inhalation
using a Seca 213 portable stadiometer (Hamburg,
Germany). Body weight was measured to the nearest 0.1 kg
using a portable Tanita SC-240 Body Composition Analyzer
(Arlington Heights, IL). Body mass index (BMI; body mass
(kg)/height (m2)) and BMI z-score were calculated [27].
Age, sex and the highest level of parental education were
determined using demographic questionnaires completed
by each participant’s parent/guardian [23]. Response cat-
egories for level of parental education were: less than high
school, some high school, completed high school, some col-
lege degree, Bachelor’s degree or post-graduate degree
(Master’s or PhD). Highest level of parental education was
recoded into three categories: did not complete high school
(low), completed high school or some college (medium),
and completed Bachelor’s or postgraduate degree (high).
Statistical analyses
SAS 9.1 (SAS Institute, Inc., Cary, NC) was used for
statistical analyses. The descriptive characteristics of
the study population and frequencies of breakfast con-
sumption (using the two definitions) were calculated
for each site. To address the primary aim of this study,
multilevel models (SAS PROC MIXED) were computed
to examine associations between breakfast frequency
(independent variable) and PA and sedentary time
(dependent variables). The use of multilevel models
controlled for the hierarchical nature of the data. Study
sites were considered to have fixed effects, and schools
nested within study sites were viewed as having random
effects. The denominator degrees of freedom for statis-
tical tests pertaining to fixed effects were calculated
using the Kenward and Roger approximation [28]. Age,
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Fig. 1 Participant flow chart
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sex, highest parental education, BMI z-score, and
time-segment-specific waking accelerometer wear time
were included in the models as covariates. When there
was a main effect of breakfast frequency using the
3-category definition, a Bonferroni correction was applied
to statistically compare differences between the three
breakfast categories. To address the secondary aim of the
study, potential differences in the direction of associations
between breakfast frequency with PA and sedentary time
across sites were examined using interaction terms in the
multilevel models; site-by-breakfast frequency interactions
were retained when p ≤ 0.05. All analyses were performed
with the two different definitions of breakfast frequency.
The level of statistical significance was set at p ≤ 0.05.
Results
The descriptive characteristics of the participants and
the percentage of participants within each breakfast
frequency category stratified by site are presented in
Table 1. The marginal mean minutes of PA and seden-
tary time by breakfast frequency using the 3-category
definition are presented in Table 2. The fraction of the
total variance in sedentary time and PA ranged from
7.4% for afternoon sedentary time to 25% for morning
moderate PA at the school level, and ranged from
8.2% for total daily vigorous PA to 21% for afternoon
sedentary time at the site level. As 86% of the
covariate-dependent variable associations were signifi-
cant and 100% of the covariates were significantly
associated with total daily time spent in each PA in-
tensity and sedentary time, all specified covariates
were included for all analyses. The only covariates that
were not significantly associated with the dependent vari-
ables were: BMI z-score for morning min/day and % time
spent sedentary; parental education for morning min/day
and % time in light PA; sex and BMI z-score for afternoon
min/day in light PA; sex, BMI z-score and afternoon wear
time for afternoon % time in light PA; age for morning
min/day and % time in MPA; age for morning min/day
and % time spent in VPA; age and morning wear time for
morning % time in MPA; age for morning min/day and %
time in MVPA.
Associations of breakfast frequency with PA and
sedentary time
Figure 2 shows PA and sedentary time for the rare, occa-
sional and frequent breakfast consumers stratified by
study site. Using this 3-category breakfast definition,
breakfast frequency was not significantly associated with
PA or sedentary time for the total day or for the afternoon
(see Table 2). For the morning, there was a main effect of
breakfast frequency on MVPA (min/day and % of morning
time), moderate PA (min/day and % of morning time),
light PA (% of morning time) and sedentary time (min/day
and % of morning time). After adjusting for multiple
comparisons, frequent breakfast consumption was asso-
ciated with higher MVPA (0.3% of morning time),
higher light PA (1.0% of morning time) and lower sed-
entary time (3.4 min/day and 1.3% of morning time) in
the morning when compared with rare breakfast con-
sumption (see Table 2). All breakfast frequency main
effects were non-significant when using the 2-category
breakfast definition (see Additional file 1).
Interactions with study site
Interactions with study site were all non-significant, other
than when using the 2-category breakfast definition for %
morning time sedentary and % morning time in light PA
(see Additional file 1). When separating the results by site,
% morning time sedentary was 1.5–1.8% lower for daily
breakfast consumption in Brazil (p = 0.02) and Canada
(p = 0.01), but was 1.5% higher for daily breakfast con-
sumption in India (p = 0.01) when compared with less
than daily breakfast consumption; % morning time in
light PA was 1.3–1.6% higher for daily breakfast con-
sumption in Brazil (p < 0.005) and Canada (p = 0.03),
but was 1.0% lower for daily breakfast consumption in
India (p = 0.05) when compared with less than daily
breakfast consumption. For all other study sites, associ-
ations between breakfast frequency using the 2-cat-
egory breakfast definition and % morning time
sedentary and % morning time in light PA were not
significant.
Discussion
In this multi-national sample of children, frequent break-
fast consumption was associated with higher MVPA and
light PA and lower sedentary time in the morning when
compared with rare breakfast consumption, whereas no
associations were found for the afternoon or whole day.
The reported associations were consistent across samples
of children from study sites that varied in terms of geo-
graphic, cultural, and human development. The small
magnitude of these associations (reduction of ~ 3.4min
spent sedentary replaced with a mixture of light PA and
MVPA each morning), may, however, have limited clinical
significance.
The finding that breakfast frequency was associated
with PA and sedentary time during the morning and not
the afternoon is consistent with previous reports of asso-
ciations during the morning period only for overall PA
(accelerometer counts/min) in girls [12] and for seden-
tary time in boys on weekends [14]. Although the major-
ity of empirical evidence suggests that the relationship
between breakfast consumption and PA weakens as the
day progresses [12, 16–18], our findings are not consist-
ent with reports of associations with total daily MVPA
in overweight Latina and African American 8–17 year
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old girls [13] and total daily weekend MVPA in 14–15
year old boys and girls [15]. Possible reasons for these
variable results include the participant characteristics
(e.g. age, adiposity status) and factors such as breakfast
quality; for example, whilst breakfast quality was not as-
sociated with PA outcomes in girls, boys who consumed
a poor-quality breakfast spent ~ 7min/day more time in
MVPA during weekday afternoons and evenings and
boys who consumed a good-quality breakfast spent ~ 3
min/day more in MVPA during the morning on week-
end days when compared with boys who did not con-
sume breakfast [14]. It is not possible to compare our
results for light PA with the pertinent literature, which
has neglected this PA intensity despite evidence that
changes in PA in response to breakfast consumption ver-
sus omission may be specific to the replacement of
sedentary time with light PA in adolescent girls [29] and
adults [16]. Thus, further research is required to estab-
lish the link between breakfast frequency, PA and seden-
tary time in children, controlling for factors such as
breakfast quality and including light PA as an outcome.
Although it is not possible to infer causation from our
cross-sectional study, the findings that associations were
found in the morning and not the afternoon support a
possible direct link between breakfast and PA that may
result from increased exogenous glucose availability and
perceptions of increased energy with reduced lethargy
and fatigue in the morning [2, 16, 30]. Indeed, some
Table 2 Associations of breakfast frequency defined using three categories with physical activity and sedentary time in children
from 12 countries
Marginal means (95% CI) p for
breakfast
frequency
main
effect
p for
breakfast
frequency
by study
site
interaction
Rare (n = 389) Occasional (n = 784) Frequent (n = 5055)
Sedentary Total (min/d) 517 (510 to 524) 509 (504 to 515) 510 (507 to 513) 0.14 0.32
Morning (min/d) 183 (181 to 186) 180 (178 to 182) 180 (179 to 181)a 0.04 0.51
Morning (% time) 61 (60 to 62) 60 (59 to 60.5) 60 (59 to 60)a 0.01 0.27
Afternoon (min/d) 334 (328 to 339) 329 (325 to 333) 330 (328 to 332) 0.32 0.40
Afternoon (% time) 57 (56 to 57) 56 (55 to 56) 56 (56 to 56) 0.42 0.46
Light PA Total (min/d) 311 (305 to 317) 318 (314 to 322) 316 (314 to 319) 0.12 0.56
Morning (min/d) 100 (97 to 102) 102 (101 to 104) 102 (101 to 103) 0.09 0.84
Morning (% time) 33 (33 to 34) 34 (34 to 35) 34 (34 to 35)a 0.04 0.66
Afternoon (min/d) 211 (207 to 215) 216 (213 to 218) 214 (212 to 216) 0.17 0.54
Afternoon (% time) 36 (35 to 37) 37 (36 to 37) 36 (36 to 37) 0.24 0.61
Moderate PA Total (min/d) 42 (41 to 44) 43 (41 to 44) 44 (43 to 45) 0.14 0.47
Morning (min/d) 12 (12 to 13) 13 (12 to 13) 13 (12 to 13) 0.05 0.26
Morning (% time) 4.1 (3.9 to 4.3) 4.2 (4.0 to 4.3) 4.3 (4.2 to 4.4) 0.04 0.17
Afternoon (min/d) 30 (29 to 31) 30 (29 to 31) 31 (30 to 31) 0.46 0.52
Afternoon (% time) 5.2 (5.0 to 5.4) 5.2 (5.0 to 5.3) 5.2 (5.1 to 5.4) 0.57 0.58
Vigorous PA Total (min/d) 18 (17 to 19) 18 (18 to 19) 19 (18 to 19) 0.50 0.68
Morning (min/d) 4.8 (4.3 to 5.2) 5.2 (4.9 to 5.5) 5.2 (5.0 to 5.4) 0.12 0.25
Morning (% time) 1.6 (1.4 to 1.7) 1.7 (1.6 to 1.8) 1.7 (1.6 to 1.8) 0.09 0.22
Afternoon (min/d) 13 (12 to 14) 13 (13 to 14) 14 (13 to 14) 0.83 0.89
Afternoon (% time) 2.3 (2.1 to 2.5) 2.3 (2.2 to 2.4) 2.3 (2.3 to 2.4) 0.85 0.89
MVPA Total (min/d) 61 (58 to 63) 61 (59 to 63) 62 (61 to 64) 0.21 0.42
Morning (min/d) 17 (16 to 18) 18 (17 to 19) 18 (18 to 19) 0.05 0.19
Morning (% time) 5.7 (5.3 to 6.0) 5.9 (5.6 to 6.1) 6.0 (5.8 to 6.2)a 0.03 0.11
Afternoon (min/d) 44 (41 to 46) 44 (42 to 45) 44 (43 to 45) 0.58 0.60
Afternoon (% time) 7.5 (7.1 to 7.8) 7.5 (7.2 to 7.7) 7.6 (7.4 to 7.7) 0.66 0.64
Abbreviations: 95% CI 95% confidence intervals, PA physical activity; rare = breakfast consumed 0–2 days/week; occasional = breakfast consumed 3–5 days/week;
frequent = breakfast consumed 5–7 days/week; PA physical activity, MVPA moderate-to-vigorous physical activity
Marginal means are adjusted for age, sex, highest level of parental education, time segment-specific accelerometer and BMI z-score
Significance accepted at p ≤ 0.05 and shown in bold. aSignificantly different from rare breakfast consumption, Bonferroni adjusted
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[16–18], but not all [30], randomised controlled trials in
adults have shown that breakfast consumption increases
PA in the morning specifically. Alternatively, intentions
to participate in PA, particularly in the morning, could
drive breakfast consumption, in anticipation. The possi-
bility of physiological factors (e.g., exogenous glucose
availability, circadian rhythm) underpinning the link be-
tween breakfast and PA might also explain why the
results were consistent across most of the 12 ISCOLE
study sites that, otherwise, differed substantially in socio-
cultural variability. In contrast, associations between
breakfast frequency and adiposity indicators differed
a b
c d
e f
Fig. 2 Total and morning time spent sedentary (a and b), in light physical activity (PA) (c and d) and in moderate- to vigorous-intensity physical
activity (MVPA) (e and f) in rare (breakfast on 0–2 days per week), occasional, (breakfast on 3–5 days per week) and frequent (breakfast on 6–7
days per week) breakfast consumers stratified by site. Values are least squares means (error bars indicate the standard error of the mean) adjusted
for age, sex, highest level of parental education, body mass index z-score and accelerometer wear time. *Significant main effect of
breakfast (p ⩽ 0.05); #significant difference between rare and frequent after Bonferonni adjustment (p ⩽ 0.02). No interactions with study
site were found (p > 0.05)
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across the ISCOLE sites [3] perhaps due to between-site
geographical and sociocultural differences that could
affect daily energy intake and not PA (e.g., reasons for
skipping breakfast including lack of food availability or
volitional weight loss in low-income versus high-income
countries, or government programs for low income pop-
ulations like in Bogotá).
The consistency of the reported associations across study
sites suggests that our findings apply on a global level. To
allow for direct comparisons with the most relevant
multi-national study to date and the wider literature [21],
we employed an additional ‘2-category’ definition of break-
fast frequency that distinguished between ‘daily’ and ‘less
than daily’ breakfast consumption. As with our previous
study that examined associations between breakfast fre-
quency and adiposity indicators [3], this 2-category defin-
ition lacked the sensitivity to detect significant associations
in the present study. Further, associations were only found
when comparing the extremes of rare and frequent con-
sumption using the 3-category definition. It is possible that
the use of self-report PA questionnaires and not controlling
for adiposity explained the differing findings in 11 to 15
year olds from Europe, the U. S, Canada, and Israel, where
daily breakfast consumption was associated with higher
total daily MVPA than less than daily breakfast consump-
tion in 34 of the 41 countries [21]. Similar to our findings,
another multi-national study reported that breakfast
frequency was generally not associated with objectively-
measured or self-reported sedentary time or PA in 12.5–
17.5 year-olds from nine European countries, although
direct comparisons with our study are not appropriate
because the morning and afternoon periods were not ex-
amined separately [22].
The reduction in sedentary time of ~ 3.4 min/day in
the morning replaced with a mixture of light PA and
MVPA reported here may not be considered by some
as clinically meaningful from a public health perspec-
tive. Cross-sectional research indicates that 10 min of
MVPA is associated with favourable metabolic health
markers in children [31]. We found a difference of ~
1–2 min/d higher MVPA, which falls well below this
threshold, but may help to achieve it. It is difficult to
ascertain how much of a reduction in sedentary time
and an increase in light PA is required to achieve
clinical significance due to the limited evidence base
available on light PA and the lack of consensus on
whether sedentary time is an independent predictor of
cardiometabolic health in children [31, 32]. The mag-
nitude of the differences in sedentary time and PA re-
ported here are smaller than previous reports of up to
~ 5–6 min/day less time sedentary with ~ 3 min/day
more MVPA for mornings and ~ 10–20.5 min/day
higher MVPA across the day in frequent breakfast
consumers [14, 15], and is surprising given that
children who consume breakfast frequently have lower
levels of adiposity, yet do not consume less energy in
total during the day [6, 7]. Overall, our findings suggest
that PA may not be a primary factor contributing to lower
adiposity and chronic disease risk factors reported in chil-
dren who consume breakfast frequently [1–3]; rather,
factors related to food choices [6] and the metabolic effects
of breakfast consumption (e.g., reduced glucose variability)
may play an important role [16]. That said, PA promotion
interventions typically target a variety of factors that are
linked with PA, such as education and the environment
[33], rather than focusing on a single component (i.e.,
breakfast). Thus, increased breakfast frequency may be a
valuable addition to increase the effectiveness of such pro-
grammes, particularly for PA performed in the morning.
The limitations of our study include the cross-sec-
tional design, which does not allow us to infer the direc-
tion of causality. Although our questionnaire used to
assess breakfast frequency provided some consistency of
what constitutes ‘breakfast’ between the participants (i.e.,
“more than a glass of milk or fruit juice”) and was in line
with a previous multi-national study in children [21], the
validity and reliability of this questionnaire is not known
and we did not assess the quality or quantity of break-
fast, which may interact with PA and sedentary time
[14]. Additionally, it is possible that variations in the val-
idity of the questionnaire existed across the study sites;
indeed, typical breakfast food and drink items differ be-
tween countries [6, 8, 14, 34, 35]. It is also important to
note that the association between breakfast and PA may
differ by sex and between weekdays and weekend days
[12, 14, 15]. We deemed that separating boys and girls
and week- and weekend days was not appropriate in the
present study because the focus was to examine possible
differences between the study sites and definitions of
breakfast consumption; stratifying the sample any fur-
ther would have resulted in very low numbers in some
of the breakfast categories. This approach would also re-
quire additional week- and weekend day- specific defini-
tions of breakfast frequency and criteria for valid
numbers of accelerometer days. Finally, the exclusion of
participants with missing data may have resulted in
some bias in our sample towards children and parents/
guardians who were more compliant with study
procedures.
Conclusions
In conclusion, across 12 sites varying in geographic region
and sociocultural backgrounds, frequent breakfast con-
sumption was associated with higher MVPA and light PA
and lower sedentary time in the morning when compared
with rare breakfast consumption, whereas no associations
were found for the afternoon or whole day. However, the
small magnitude of the reported associations (i.e., a
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reduction of ~ 3.4min spent sedentary replaced with a mix-
ture of light PA and MVPA each morning) questions their
clinical significance. Given the lack of consensus on the link
between breakfast frequency, sedentary time and PA, the
clinical significance and causal nature of the reported asso-
ciations require further study in globally representative
samples of children.
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